. The Duschisky matrix correlating the ground (initial) state and excited (final) state normal modes of chlorophyll a calculated using the CAM-B3LYP functional. Figure S10 . The Duschisky matrix correlating the ground (initial) state and excited (final) state normal modes of chlorophyll f calculated using the CAM-B3LYP functional. In Tables S19 and S20 below, the atoms are numbered as in the Gaussian output files. To relate those numbers to the IUPAC numbering scheme of the chlorophyll structures: C1 and O42 are the carbon and oxygen of the 13 1 -keto group; C40 and O41 are the carbonyl carbon and oxygen of the 13 3 -ester group and O43 is the alkoxy oxygen of the 133-ester group; C33 and O34 are the carbonyl carbon and oxygen of the 17 3 -ester group and O45 is the alkoxy oxygen of the 17 3 -ester group; C22 and O85
are the carbon and oxygen of the 2 1 -formyl group in chlorophyll f. 
